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@ Process for dehydrogenation of parafRn. 



@ An improved process for dehydrogenation of detergent range nomnai paraffins contained in a 
hydrocarbon niixture to produce monooiefins is described. Improvements are obtained by operating 
over an entire catalyst operating cycle at an average added hydrogen to detergent range hydrocarbon 
ratio of from about .5 to about 1.9. The improved process is operated in a substantially adiabatic. plug 
flow reactor at a suitable catalyst bed inlet temperature not greater than about ASO^'C. The process 
provides Improved tolerance for initial excess catalyst bed activity, allowing desirable catalyst operating 
cyde lengths to be obtained with more favorable operating conditions. 
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Background of the Invention 

The present invention relates to an improved process for the production of linear monoolefins by the cataly- 
tic dehydrogenation of the corresponding normal paraffins. More specifically, the invention relates to an 

5 Improved process for the production of linear monodefins containing from about 9 to about 15 carbon atoms 
per molecule. Such monoolefins, referred to herein as detergent range olefins, are particulariy useful as reactive 
intermediates in the production of biodegradable detergents. This invention relates to specific combinations of 
reaction conditions different from those suggested by the prior art which have surprisingly been discovered to 
be quite advantageous for use with platinum catalysts in the production of detergent range olefins. 

10 It is known that dehydrogenation processes employing noble metal catalysts are effective for the production 
of detergent range olefins, with catalysts comprising platinum being particularly effective. Rather broad ranges 
of reaction conditions which can be used in such processes are also known in the art However, the production 
efHctency can vary widely depending upon the properties of the catalyst and the particular combination of reac- 
tion conditions selected. 

IS It is known that in the catalytic dehydrogenation of nonmal paraffins, the percentage conversion to nf)ono- 
oiefins in a single pass is subject to a severe equilibrium limitation. WhDe the limiting conversion can vary con- 
siderably with the reaction conditions, the actual percentage of monoolefin in the products is typically not greater 
than about twenty weight percent of the total hydrocarbons present It is also well known that the formation of 
monoolefins in such processes is accompanied by the fbnmation of various less desirable byproducts including 

20 diolerins. aromatics, and hydrocarbons with carbon numbers below the detergent range which are formed by 
cracking reacttons. As used herein, the term "conversbn* means the percentage of the nonmal parafTms in the 
feed which are converted in a single pass to species other than nonmal paraffins within the same carbon number 
range, and the term "selectivity" means the percentage of the converted normal paraffins which are converted 
to monoolefins within the same carbon number range. In cases in which the feed contains species other than 

25 normal paraffins within the desired carbon number range, these species are ignored in the calculation of con- 
version and selectivity. In general, higher conversion and higher selectivity are advantageous, but an increase 
in conversion tends to lower selectivity. 

Another well known problem encountered in the production of detergent range olefins by catalytic dehyd- 
rogenation of normal parafTins is the loss of catalyst activity during its use. The catalyst can lose activity as a 

30 result of strong catalyst poisons such as sulfur in the feed, and such activity loss is generally controlled by con- 
trolling feed purity. But even when the feed contains extremely low levels of such poisons, the catalyst tends 
to deactivate at a significant rate due to the formation of coke on the catalyst surfaces. The rate of coke formation 
can vary widely depending upon the combination of reaction conditions selected. In general, a lower rate of 
coke formation is advantageous since this reduces various costs associated with catalyst regeneration or rep- 

3S lacement and facilitates the maintenance of both converston and reaction conditions within optimum ranges 
for extended periods of operation. 

One method used in prk>r art paraffin dehydrogenation processes to reduce catalyst deactivation due to 
coke formation is to mix varying amounts of hydrogen with the vaporized paraffin feed prior to its Introduction 
into the catalytic reaction zone. It is taught in U.S. 4,343,724 for example that such hydrogen serves a "dual- 

40 fiinctton" In both diluting the paraffin and "suppressing the formation of hydrogen deficient, carbonaceous 
deposits on the catalyst composite." In many cases, the amount of hydrogen used In patent examples has been 
extremely large, for example 4-8 moles of hydrogen per mole of hydrocarbon. Severe disadvantages accom- 
pany such large additions of hydrogen, including an adverse effect upon the equilibrium for monoolefin for- 
mation, increased size of most portions of the processing equipment for a given production rate, and increased 

45 energy and maintenance costs associated with the recovery, recompression, and recycle of hydrogen. Thus, 
it is greatly advantageous to reduce the hydrogen to hydrocarbon mole ratio (H2:HC) used in the process. How- 
ever, the prior art suggests that a H2:HC ratb of at least about 2.0 is required to obtain favorable results. 

Prhr art teaching related to H2:HC ratios and reactton temperatures for use in platinum catalyzed dehyd- 
rogenation of detergent range nonnal paraffins is illustrated in Table I. Unless othenvise noted, the H2:HC ratios 

so apply to the reactor feed mixture, and the temperatures are reactor inlet temperatures for use with a substan- 
tially adiabatic reactor. The broad rangesgeneraliy apply to a carbon number range wider than Cg-Cis. Preferred 
ranges may also apply to a wider carbon number range, but if more than one preferred range was mentioned, 
that most applicable to detergent range feedstocks, about Cg to about C15, was used in the table. All examples 
applicable to detergent range feedstocks were included under the heading of examples. 

55 In Table I, the lowest H2:HC ratio given in any example of an operable process is 2.0. In U.S. 3,274,287 
there were a few examples with no added hydrogen, but these were Included to illustrate the failure of the pro- 
cess under such conditions. Since the examples in any given patent should generally include the best known 
mode of operation, such teaching leads one to expect that the H2:HC ratio must be at least 2.0 to obtain satis- 
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factory results. SimQarly, these teachings lead one to expect that the inlet temperature fora single stage adiat>a- 
tic reactor would best be selected from a range of atK>ut 427*^0 to about 575^C. 



Table 1 Prior Art Choices of H2:HC Ratio and Tamperatura 

H2:HC Ratio Ranoaa T^mpyytyrf Rfingw. 

U.S.Pat.No, prwtfWt Prefarrad gxfmplgf Brgptfwt Pfttyrwl g^cgmpiW 





4,827,072 


0.1-20 


1-10 




200-1000 


525-700 


495 


10 


4,677,237 


0.1-40 


1-10 




40MOO 




495 




4,608,360 


0.1-40 


1-10 




40(^900 




495 




4,505,673 


0.1-40 


1-10 




400-900 




495 




4,551,575 


1-40 


1.5-10 




400-900 




485 


IS 


4,486,547 


1-40 


1.5-10 




400-900 




485 




4,396,540 


1-20 


1.6-10 


4-5 


371-704 


427-610 


443-454 




4,343,724 


1»20 


1.6-10 


4-5 


371-704 


427-510 


443-454 


20 


4,341,664 


1-20 


1.5-10 


4-5 


371-704 


427-510 


443-454 


4,312,762 


1-20 


1.S-10 


4-5 


371-704 


427-510 


443-454 




4,266,706 


1-20 


1.5-10 


4-5 


371-649 


427-510 


443-454 




4,227,026 


1-20 


13-10 


4-6 


371-649 


427-510 


443-454 


25 


4,216,346 


1-20 


1.6-10 


4-5 


371-649 


427-510 


443-454 




4,177,218 


1-20 


1.5-10 


8 


375-650 


375-550 


465 




4,172,853 


1-20 


1.5-10 


8 


371-649 


427-510 


443-460 




4,136,127 


1-20 


1.5-10 


5 


371-649 


427-610 


449-460 


30 


4,133,842 


<15 


* 


7.5 


399-566 


427-610 


460 




4,125,565 


1-20 


1.S-10 


4-5 


371-649 


427-610 


443-454 




4,070,413 


1-20 






400-700 


450-550 




35 


4,048,245 


1-20 


1.5-10 


5 


371-649 


427-510 


438-454 


3,968,900 


1-20 


1.6-10 


8 


371-677 


427-610 


449-466 
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Tabli I (eontinuod) 



U.S.Pat.No. 


Brosdest 


Prafemd 


Examples 


BroadMl 


Prefenred 


Examples 


3,920,618 


0.1-60 


1-5 




400-650 


ttO-!^ 


439-450* 


3,907,921 




• 




430-540 


469-485 


• 


3,825,612 


1-20 


1.$-10 




871-649 


427-510 


449466 


3,767,594 


1-10 




g 


399-704 




460-475 


3,761.531 


1-20 


S-15 




371-649 


427-510 


443-475 


3,662,018 






3 


427-510 




454-460 


3,649,566 


1-20 


1.5-10 


3 


371-677 


427-519 


449-466 


3,647,719 


1-20 


1^10 


3 


871-677 


427-519 


449-466 


3,632,662 






2 






452* 


3,585,253 


0.1-50 


1-5 


2 


400-650 


420-520* 


450* 


3,576,766 


1-20 


1.5-10 


8 


371-677 


427-510 


449-466 


3,527,836 


0.1-30 


2-10 


4.1 


409^ 




440 


3,458,592 


0.5-15 




5.5-7.8 


427-510 


454-488* 


454-460* 


3,448,165 


<15:1 


<10:1 


2-8 


400-700 


430-530 


427-575 


3,315,008 


0.1-5 


1-3 


2 


400-650 


429^20* 


435-440* 


3,315,007 


0.1-5 


1-3 


2 


400-650 


429*520* 


440* 


3,293,319 


1-10 




44L8 


409-700 




430-460 


3,274,287 


0.5-5 


1-3 


2* 


409*600 


420-480* 


420-440* 


*Cit8d ttudlet used an Itotherrml reactor 








^Also includea axamplea of nonoparabUlty at H2:HC=0. 







SUMMARY OF THE INVENTION 

35 In accordance with this Invention, there is provided an improved process for producing detergent range 
monooleflns by contacting the con'esponding detergent range nonmal parafflns contained in a hydrocarbon 
mixture under dehydrogenation conditions with a dehydrogenatlon catalyst comprising platinum in a reaction 
system of one or more- stages, the improvement comprising contacting said paraffins, in at least one Included 
stage, with said catalyst in the presence of added hydrogen, said added hydrogen being in a molar ratio of hyd- 

40 rogen to total detergent range hydrocarbons in the mixture of from about .5 to about 1.9, said ratio being the 
average ratio maintained over the catalyst operating cycle. The improved process is operated in a substantially 
adiabatic, plug flow reactor at a suitable catalyst bed Inlet temperature not greater than about ASO^'C. 

In view of the prior art teaching of relatively high hydrogen to hydrocarbon ratios In examples described In 
patents noted above, it was quite surprising to discover that catalyst operating cycles in the process of this 

45 Invention are not impractically short due to coke deposition as would be expected at the lower average ratios 
now taught. Cycles of acceptable length (i.e., two weeks or more) may be achieved at an average H2:HC ratio 
in the range of from about .5 to about 1.9 employed in accordance with this Invetntion. This ability to operate 
at such low average H2:HC ratios results In a number of advantages, among the more Important being the ability 
to use lower operating temperatures without loss of conversion of paraffin to product monoolefin. Because lower 

so operating temperatures are now useful, the efficiency of the process increases in several ways. Particulariy 
surprising is the increased tolerance to excess catalyst observed in the process of this invention which results 
In providing even longer catalyst operating cycles without the expected excessive reduction in selecth^ity of the 
dehydrogenation reaction. These and man/ other advantages of the Improved process of this invention are des- 
cribed below. 

55 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 shows graphical representations of calculated values based upon a kinetic model showing one 
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of the advantages of the process of this invention as compared with a process of the prior art 
DETAII^D DESCRIPTION OF THE INVENTION 

5 As employed herein, "substantially adlat)atid" means that temperatures within a catalyst bed are deter- 
mined primarily by the temperature of the mbcture entering the catalyst bed and the extent of various chemical 
reactions occuring within the bed. "Substantially plug flow* means that a stage Includes no device such as an 
agitator or recycle line for increasing the degree of back mixing of the reaction mixture. "Operated" means main- 
tained at the specified operating conditions for a substantial fraction of the total operating time of a catalyst 

10 cyde. Neither the occurrence of such conditions as transients during startup, shutdown, or upsets, nor the use 
of such condittons for a brief catalyst breakin period or a brief period at the end of the catalyst's life is Included 
within the definition of the word "operated* as used above. 

The iem "catalyst cyde" means herein the time interval between the time of start up of the process with 
new catalyst or newly regenerated catalyst to the time of shutdown for the purpose of regenerating or repladng 

15 the catalyst because of Its loss of activity or deactivation as will be more particulariy noted below. 

As employed herein, the phrase "suitable catalyst bed Inlet temperature" means a temperature selected 
to provide the desired balance among paraffin conversion, selectivity to monoolefin, and catalyst deacthration 
rate, to the extent allowed by the other reactk)n conditions. In each case, the suitable inlet temperature will 
depend in a complex manner upon the choices of the other conditions and the chosen targets for converston. 

20 selectivity, and deactivation rate. However, once these other choices have been made, suitable catalyst bed 
inlet temperatures or sequences of such temperatures can be easily determined by routine experimentation 
by one skilled in the art in view of the present disclosure. 

As employed herein, "hydrogen to hydrocarbon ratio" refers to the mole ratio of added hydrogen to total 
detergent range hydrocarbons fed to the system. Hydrogen generated by the process within the same pass is 

25 not Induded in added hydrogen. The process of this Invention provides many significant advantages over pro- 
cesses suggested by tiie prior art The lower H2:HC ratios employed result in smaller volumetricflows and there- 
fore reduced size and cost for processing equipment at a given production capadty. Energy costs for 
recompression and reheating of hydrogen are also reduced. In general, suitable reaction temperatures for use 
in the process of this invention are considerably lower tiian those suitable for use at higher HaiHC ratios. One 

30 reason for this is ttiat lower temperature and lower H2:HG ratio have opposite effects upon the equilibrium which 
limits monoolefin fomriation. This ability to operate at lower temperatures results In a number of significant 
advantages. 

AnrK>ng the advantages of lower process temperatures are reduced yield loss to cracking reactions, lower 
energy costs, reduced coke fomnation rates, lower equipment maintenance costs, improved catalyst effective- 
35 ness, and Increased tderance for excess catalyst bed activity. By improved catalyst effectiveness Is meant a 
reduction in the adverse effects of Internal pore diffusion resistance upon the rate and selectivity of monoolefin 
fomnatlon. Dehydrogenation catalysts generally employ a porous support. While effectiveness can be varied 
in a number of ways, the effectiveness of any particular catalyst will tend to Improve as operating temperature 
Is lowered. 

40 By increased tolerance for excess catalyst bed activity is meant a reduction in the extent to which reaction 
selectivity is degraded as catalyst bed activity is increased beyond the minimum amount required to reach the 
taiget monoolefin concentration in the product under a given set of condittons. A high tolerance for excess catal- 
yst bed activity is very beneficial because It fecflltates control of paraffin conversion, reduces yield losses result- 
ing from unavoidable fluctuations in reaction conditions, and allows the length of processing cydes to be 

45 increased by using more excess catalyst activity at the beginning of a cyde witiiout incuning unacceptably low 
selectivity eariy in the cyde. 

One surprising aspect of the process of this invention, in view of tiie prior art teaching, Is tiiat processing 
cydes of practical length can be achieved when the H2:HC ratio Is below 2.0 for most or all of the cyde. While 
not bound by any theory, it appears that the expected adverse effect upon the coke formation rate of redudng 

so the H2:HC ratio to a value within tiie 0.5 - 1 .9 range of this invention can be signlficantiy or in some cases poss- 
ibly entirely offset by the retarding effect upon tiie coke formatkm rate of employing lower suitable catalyst bed 
Inlet temperatures. 

Another surprising aspect of the process of this Invention is that it can provide such a high degree of toler- 
ance for excess catalyst bed activity. While not bound by any theory, it appears that tills is primarily due to two 
55 factors. First, the use of a lower catalyst bed inlet temperature in a substantially adiabatic plug flow reactor can 
provide such a low temperature in ttiose portions of ttie catalyst bed downstream of tiie point of optimum con- 
version that the rate of various skie reactions there Is greatiy reduced. And second, the lower H2:HC ratio 
appears to have littte or no accelerating effisct upon Uiose side reactions which significantly impact reaction 

5 
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selectivity. 

Type of Nomial Paraffins 

5 The detergent range normal paraffins utilized as a feedstock in the present invention can be from any 
source and of any grade suitable for use In platinum catalyzed dehydrogenation. Included asmng such suitable 
feedstoclcs are single nonmal-paraffins such as dodecane; mixtures of normal paraffins; normal paraffins pro- 
duced by other processes, such as separation from keroslne by selective adsorption; unconverted paraffins 
separated within the dehydrogenation process and recycled for further conversion; paraffins containing varying 

10 levels of impurities such as non-nomial paraffins, aromatics, or normal paraffins of carbon number outside the 
detergent range; paraffins admixed with their corresponding dehydrogenation products such as those found in 
the effluentfirom a previous dehydrogenation stage; and paraffins purified to varying degrees to remove catalyst 
deactivating impurities such as sulfur compounds or other objectionable impurities. Preferred paraffin proper- 
ties Include high content of the detergent range nonmal paraffins and low content of all impurities. The preferred 

IS range for the carbon number of the normal paraffins is from about 1 0 to about 1 4. It Is prefenred that the breadth 
of the carbon number distribution for a given feedstock should be about 4 carbons or less. 

CATALYST 

20 Any catalyst comprising platinum and suitable for dehydrogenation of detergent range nonmal paraffins can 
be used in the process of this Invention. Catalysts employing a porous alumina support are preferred. Especially 
preferred are catalysts comprising platinum, copper, and an alkali metal upon a suitable porous alumina support 
as taught in U.S. 3,585,253 and U.S. 3,920.615. At the beginning of an operating c^de, the catalyst can be 
not previously used, previously used, or any mbdure thereof. Previously used catalyst can be regenerated prior 

25 to reuse by any suitable procedure such as burning off accumulated coke. Any effective means can be used 
for reducing the platinum to the zero oxidation state required for dehydrogenation. It is prefenBd to subject the 
platinum to reduction prior to the introduction of the hydrocarii)on feed. If more than one reaction stage is used, 
the catalyst in different stages can be alike or different Some catalysts may benefit from pretreatments such 
as presulflding or from the use of special breakin conditions during their first use. 

30 

Type of Hydrogen 

The hydrogen utilized In the present invention can be from any source and of any grade suitable for use 
in platinum catalyzed dehydrogenation of normal paraffins. Suitable types include hydrogen produced by 
35 another process; hydrogen generated within the dehydrogenation process, separated, and recycled; and hyd- 
rogen of varying purity. For economic reasons, it Is usually preferred to use hydrogen generated within the pro- 
cess. The extent of purification or treatment of recycle hydrogen prior to its reuse should be selected to optimize 
overall process efficiency. 

40 H2:HC Ratio and Use of Diluents 

For the practice of this invention, ttie H2:HC ratio (based upon amountsfed to the process) should average 
In the range from about 0.5 to about 1.9 during the catalyst cycle. Within this range, the HZHC ratio can be 
constant or varied witiiin a catalyst cycle, and the optimum ratio will vary depending upon the other conditions, 

45 including the average molecular weight of the nonnal paraffins used. The optimum ratio for any particular situ- 
ation can be determined by routine experimentation by one skilled in the art in view of the present disclosure. 
One of the effects of hydrogen in the feed mbdure Is dilution of the nonmal paraffins. The use of additional 
diluents such as steam, methane, carbon dioxide, nitrogen, and the like has been suggested in the prior art 
WhQe such dfluents can be used in the practice of this invention. It is preferred not to deliberately add them. 

50 While not bound by any theory, it is generally believed that the effects of hydrogen go beyond simple dilution 
effects. I n particular, hydrogen is believed to play a rale In suppressing fonmation of coke upon catalyst surfaces 
and in maintaining the platinum in the necessary elemental metallic state. For most purposes, it is preferred to 
use an average H2:HC ratio in the range from about 0.8 to about 1.8 In the practice of this invention. 

55 Reaction Temperature 

For the practice of this invention, the inlet temperature for any catalyst bed should not exceed about 450''C. 
Below this limit, any inlet temperature suitable for platinum catalyzed dehydrogenation of detergent range nor- 
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mal paraffins can be used. The inlet temperature required for a paiticular reaction stage depends strongly upon 
the increase in conversion desired across the stage, the conversion desired at the outlet of the stage, the total 
pressure, and the H2:HC ratio, all of which interact to detennine whether the temperature at the exit of the stage 
wOl be high enough to allow the desired conversion to be reached before further conversion is prevented by 

s the effects of the reaction equilibrium. Within a processing cycle, Inlet temperature of a bed can be constant 
or varied. For any particular situation, the optimum inlet temperature can be detennined by routine experimen- 
tation by one skilled in the art in view of the present disclosure. It is preferred to use an inlet temperature just 
high enough to produce the desired conversion at the exit of a reactor. It is further prefen'ed to select the other 
process parameters. Including the number of stages and the final conversion, so that the Inlet temperature of 

10 each stage can be not greater than about 440''C. When two or more stages are used, It Is advantageous to 
use stfll lower inlet temperatures in the eariy stages. For example, in a first stage, an inlet temperature in the 
range of from about 340'' to about 430*^0 preferred. 

Total Pressure 

IS 

Any total pressure suitable for the platinum catalyzed dehydrogenation of detergent range normal paraffins 
can be utilized In the practice of this invention. It is prefen-ed that the pressure be at least one atnrK)sphere 
because of extra costs and hazards associated with subatmospheric pressures. It is also preferred to use press- 
ures below about three atmospheres because of chemical equflibrium advantages. It Is especially preferred 
20 that pressures In a final reaction stage be as low as practicable. l.e. from about 1 atmosphere to about 1.68 
atnrK>spheres. 

WHSV 

zs The weight houriy space velocity (WHSV) is defined herein as the weight of normal paraffin feedstock enter- 
ing a particular catalyst bed per hour per unit weight of catalyst in that bed (both weights being measured in 
the same units). As WHSV Is increased, converelon across a catalyst bed of a given activity tends to decrease. 
Selecting a value of WHSV also fixes the value of such alternative parameters as liquid houriy space velocity 
(WHSV) or contact time. Any WHSV suitable for plantinum catalyzed dehydrogenation of detergent range nor- 

30 mal paraffins can be utilized in the practice of this invention. Values in the range from about 1 to about 20 are 
prefen-ed. The best value for use in any particular situation can be determined by routine experimentation in 
view of the present disclosure. 

Normal Paraffin Conversion 

35 

Any degree of conversion per pass and any means of controlling converelon which are suitable for the plati- 
num catalyzed dehydrogenation of detergent range normal paraffins can be utilized In the practice of this inven- 
tion. Converelon across one stage could be very low In some cases, for example about 1%. Total conversion 
across all stages of the dehydrogenatton process could be as much as 18% or higher. The preferred range of 

40 normal paraffin converelon across all stages combined is from about 5% to about 15%. The best converelon 
for any particular case depends upon the other conditions in use including the molecular weight of the normal 
paraffins fed, and it can be determined by routine experimentation in view of the present disclosure. Converelon 
can be held within a narrow range during a processing cycle or allowed to vary widely as the catalyst deacti- 
vates. A nanrow range of converelon is preferred, for example a range of two percentage points or less. 

4S Suitable means of limiting the variatton of converelon within a processing cyde Include increasing reactton 
temperature or reducing the paraffin feed rate as catalyst activity declines, using reverelble catalyst poisoning 
as described In U.S. 3.632,662. and intermittent or continuous replacement or addition of catalyst during pro- 
cessing. Any such means can be used in the practice of this invention. However, each of these means involves 
certain disadvantages. For example, when temperature is varied, part of the cycle typically is conducted at 

so nonoptimal temperatures. When reverelble poisoning Is used, the activity of the catalyst is never as high as 
that for unpoisoned fresh catalyst Variatfon of feed rate tends to create a need for more storage of inprocess 
materials. And replacement or addition of catalyst during a processing cycle requires a more complex and costly 
reactor design. Because of such disadvantages, it is preferred to practice this invention without provision for 
catalyst replacement or addition during paraffin processing, without revereible catalyst poisoning, and without 

55 reliance upon large changes In paraffin feed rate or lemperahjre within a processing cyde. Instead, It Is pre- 
fen-ed to begin processing cycles with a substantial excess of catalyst bed activity and select conditions within 
the ranges which characterize this invention which provide a high tolerance for excess catalyst activity. Excess 
initial catalyst bed activity can be defined as the percentage by which the Initial catalyst bed activity exceeds 
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that required at the end of a processing cycle to provide the desired niinlmum conversion under the conditions 
used at the end of the cyde. Using this definition, the amount of excess initial catalyst bed activity in the practice 
of this invention may be up to about 1000% or higher. In the usual practice of this invention, considering such 
factors as the length of the catalyst operating cyde, the desired upper limit of reaction temperature and the 
5 desired lower limit of reaction selectivity, the excess initial catalyst bed activity is in the range of from about 
50% to about 500% and preferably in the range of from about 100% to about 300%. 

Number and Type of Stages 

10 The process of this Invention can employ a single reaction stage or a plurality of stages. It Is preferred to 
use either a single stage or two stages with a suitable reheating means between stages. If more than one stage 
is used, the reactor d esign and operating conditions for each stage can be alike or different and should be selec- 
ted to optimize the efficiency of the total process. In a multistage system, one or more stages operated in accord- 
ance with this invention can be combined if desired with one or more stages operated under conditions not in 

IS accordance with this invention. It Is preferred that all stages be operated in accordance with this Invention. 

Reactor Design 

For the practice of this invention, the reactor or reactors employed should be designed for substantially 

20 adiabatic and substantially plug flow operation. One reason for this Is that exposure of h^her converelon reac- 
tion mixtures to hotter wails tends to lower reaction selectivity. Another reason is that exposure of such mixtures 
to the higher catalyst temperatures existing near the inlet of a substantially adiabatic reactor tends to both lower 
reaction selectivity and cause an unacceptably high rate of catalyst deactivation under the conditions of this 
process. Another reason Is that selectivity tends to be highest when each increment of converelon occura at 

25 the lowest possible average olefin to paraffin ratio, l.e. when back-mbdng is minimized. A fburtii reason is that 
the portion of an adiabatic reactor downstream of the region where most of ttie conversion occure provides a 
favorable lower temperature environment for the preferred excess Initial catalyst activity to reside. 

As long as each reactor operated in accordance with this invention is substantially adiabatic and substan- 
tially plug flow, any other elements of reactor design suitable for use in platinum catalyzed dehydrogenation of 

30 detergent range nonmal paraffins can be utilized In the practice of this Invention. The direction of flow can be 
down flow, up flow, or radial flow. The ratio of bed depth in tiie direction of flow to the bed cross sectional area 
at a particular depth can vary widely. The catalyst bed can be fixed or moving, but It cannot be fluidized since 
ttiat would be Incompatible with substantially plug flow operation. 

It is prefenred to use continuous, fixed bed, down flow cylindrical reactors with a ratio of length over diameter 

35 selected to minimize problems wiUi wall effects, channeling, excessive back mixing, excessive thermal feed- 
back, or Insufficient turbulence outside tiie catalyst pellets. It Is also preferred that the paraflfin feed be com- 
pletely vaporized and uniformly mixed witii the hydrogen employed prior to contact wlUi tiie catalyst bed. 

Catalyst Cydes 

40 

The operation of a process with a particular catalyst bed from tiie time it is loaded or regenerated until it 
is removed or again regenerated is considered herein a catalyst cyde. The length of such a cyde refere to tiie 
time that was spent processing the feedstock and does not Indude Idle periods. The length of a catalyst cyde 
can be varied widely. Shorter cydes tend to Increase costs for new catalyst or reduce the percentage of time 
4S tiiat a reactor Is available for processing of parafPin. Longer cydes tend to make it more difficult to maintain 
converelon and operating conditions within optimum ranges as tiie catalyst deactivates. While any cyde lengtti 
can be used, preferred cyde lengths are in the range from about two weeks to about six montiis. It Is preferred 
that the entire operating cyde be conducted In accordance witti the process of this Invention. 

60 Product Recovery and Use 

The olefins produced by the process of this invention can be recovered or utilized In any suitable manner. 
Suitable uses Include converek3n to alkylbenzenes for use in detergents, oonverak>n to various other products, 
and feeding to another dehydrogenation stage for further conversion of normal paraffins to olefins. Suitable 
55 methods of product recovery indude various effective combinations of steps selected from condensation, gas- 
liquid separation, fractional distillatton, selective adsorption, sdvent extraction, and selective chemical reac- 
tions, in the prefenred method, the gaseous readbn mbcture generated by the process of this Invention is cooled 
to produce a hydrocarbon rich liquid phase and a hydrogen rich gaseous phase. The gaseous phase Is partiy 
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vented and partly recycled, with or withoutfiiither refinement, to the dehydrogenatton process. The liquid phase 
is optbnafly subjected to selective hydiogenation for conversion of diolefins to monoolefins and In any case 
fractionated to remove low t>oiling craddng products. The remaining mixture comprising detergent range olefins 
and paraffins is contacted with benzene and an acidic catalyst under suitable alkytation conditions to convert 

5 the olefins mainly to alkylbenzene. The alkylatton mixture Is then separated by suitable means including frac- 
tional distillation into a product alkylbenzene fraction, an unconverted paraffin fraction, an unconverted benzene 
fraction, and other componente such as recovered catelyst and various byproducts. The benzene and paraffin 
fractions are recycled, with or without further refinement or removal of purge streams, to the ^kylation and 
dehydrogenation steps respectively. In a particulariy preferred method, the acidic alkylation catalyst Is hydrof- 

10 luoric add which is recovered from the alkylation mixture, at least partially purified, and recycled to the alkylation 
step. 

The inventbn will be apparent from the processes shown In the following examples. These examples Olus- 
trate the process of this Invention and are not to be regarded as limiting the scope of this Invention. 

15 Example 1 

Kinetic Model 

A series of runs was carried out in a substentially gradientiess recycle reactor under various dehydroge- 

20 natton conditions with product samples collected at regular intervals. For each mn, the catalyst was a previously 
unused sample taken from the same lot of a catelyst comprising about 2% copper, 0.47% platinum, and 0.3% 
potessium on an alumina support having a macropore volume of about 0.2 cc per gram and a surface area of 
about 200 square meters per gram. The catalyst particles were approximately spherical with U.S. standard 
sieve size -6 7 mesh. For each mn, the feedstock was substantially identical containing about 0.45% normal 

25 undecane, 11.16% normal dodecane. 52.96% normal tridecane. 33.91% nonfnal tetradecane. 0.12% aromatics. 
and 1 .38% other species. Samples were analyzed by gas chromatography with a flame ionization detector with- 
out correctton for any variations in response factor. Analyses from a given run during steady state operation 
were plotted against catalyst age. and the plots were extrapolated back to zero age to obtein estimates of the 
performance of fresh catelyst. The resulting estimates were used to calculate the rates of conversion of the 

30 Cii-Cu normal paraffin fraction to the conresponding monoolefins and various byproducts under the various 
dehydrogenatton conditions. This date was used to develop a kinetic model for prediction of the performance 
of an adiabatic. plug flow, fixed bed, dehydrogenation reactor containing fresh catelyst of the type described 
above. This model was then used as described below to compare the results obteinable using two sete of con- 
ditions, one in accordance with the improved process of this invention, the other being typical of the prior art 

35 The conditions selected for comparison were as follows: 





Imimved Process 




Bod inlet Tomp. *C 


432 


451.7 


Bod inlet Praosure ATRI 


1^ 


1.34 


H2:HC ratio 


1 


4 


WHSV 


4.44 


10.67 


Bed Depth cm. 


121.9 


50.8 


Hydrogen Purity •% 


100 


100 



The resulte calculated for the improved process appear in the upper graph of Figure 1. The resulte calcu- 
50 lated for the prior art process appear in the lower of graph of Figure 1. In both graphs the increases in the weight 
percentages of monoolefin (MO), diolefin (DO), and aromatics (AR) in the hydrocart>on fraction of the reaction 
mixtere are plotted against distence from the feed end of the catalyst bed in centimeters. 

Inlet pressure, hydrogen purity, and hydrocarbon feed rate (proportional to WHSV times bed depth) are 
the same in both cases. After selecting a value of 4.0 for the H2:HC ratio in the prior art case, the inlet tenv 
55 perature was adjusted to the value that resulted in the same maximum atteinabte MO formation (delte MO). As 
a result, points to the left of the peak MO position which have equal delte MO In the two cases are equivalent 
in their degree of approach to the steady state upper limit upon delte MO which is imposed by reaction equilib- 
rium. To make the comparison still clearer, bed depth (and therefore WHSV as well) was reduced in the prior 
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art case just sufficiently to cause 9.0% delta MO to occur at about the same horizontal distance from the left 
edge of the graph for both cases. This has no effect upon the coordinates of the points In units of centimeters 
of catalyst and component percentages. 

In this embodiment of the improved process, at a bed depth of 29.5 cm where delta MO reaches 9.00%, 
the calculated selectivity to MO is 89.1%. As bed depth increases, delta MO keeps rising gradually. It reaches 
9.47% at a bed depth of 109.7 cm, where the selectivity is 85.3%. This shows that under these conditions, if 
catalyst bed depth is 3.71 times the amount needed to reach 9.00% MO, the delta MO obtained In Initial oper- 
ation is 9.47% and selectivity is only 3.8% lower than that obtained when catalyst bed activity is just enough 
to reach 9.00% MO. 

In the comparable embodiment of the prior art process with H2:HC ratio 4.0. delta MO reaches 9.00% at 
a bed depth of 13.7 centimeters and the selectivity at that point is 85.5%. At 3.71 times this bed depth, delta 
MO is 9.24% and selectivity Is 74.3%. in tills case, the rise in delta MO ends at a catalyst anrraunt only 2.09 
times that needed for 9.0% MO. and at tiiis point delta MO is 9.48% and selectivity is 80.02%. 

These results illustrate several of tiie advantages of ttie process of tills invention over prior art teaching. 
At tiie lower H2:HC ratio, tiie same MO level can be obtained at a temperature 19.4**C lower, and witii just 
enough catalyst activity to reach a target delta MO of 9.00%, selectivity to MO is higher by 3.6%. This improve- 
ment is mostly due to lower aromatics formation but Is also partiy due to reduced cracking at the lower tem- 
perature. When the catalyst amount is increased by a given factor over that needed to reach 9.00% MO. the 
adverse effect upon initial selectivity is much smallerfor the process of this invention. This Increased tolerance 
for excess catalyst bed activity is highly advantageous as a means of extending the length of catalyst cycles 
while avoiding undersirably low selectivity when the catalyst is fresh. Also avoided are undesirably low con- 
version and/or high operating temperatures when the catalyst is comparatively highly deactivated. 

Exemple 2 

The catalyst for tiiis example was tfie same as in Example 1 except tiiat ttie pellet size distribution was 
broader with about 94% falling witiiin tfie range -5 to +7 mesh. The feedstock was a mature of fresh and recycle 
paraffin containing about 91 .6% normal paraffins. 5.5% aromatics, and 2.9% other spedessuch as isoparaffins, 
cracking products, etc. The normal paraffins fraction of tiie feedstock consisted of about 0.5% 09, 19.8% CIO. 
44.3% Oil, 32.6% 012 and 2.8% 013. A substantially adiabatic fixed bed reactor was used which was equip- 
ped witii both termocouples and sample points along the length of ttie catalyst bed. Hydrogen generated by 
tiie process was collected and recycled. H2:HC ratio was calculated based upon the hydrogen content of the 
recyde hydrogen (which also contained small amounts of light hydrocarbons). Condenslble fractions were col- 
lected for GO analysis. 

The reactor was charged with firesh catalyst to a bed depth of about 121.9 centimeters and operated at 
constant conditions as follows: bed Inlet temperature 437.8°C, bed inlet pressure 1.54 ATM, H2:HC ratio 1.0. 
and WHSV 4.44. The composition changes were measured across tiie entire reactor at the reaction times Indi- 
cated below in Table III. 
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This data exhibits no significant downtrend in either delta MO or delta AR over a period of 356 hours at 
constant operating conditions. From this it Is concluded that the rate of catalyst deactivation under these con- 
ditions is low enough to allow catalyst operating cycles of practical length to be run. About 14 hours Into the 
fun, catalyst temperatures at ten points within the reactor indicated that the endothennic reaction was substan- 

5 tialiy complete within about the first 25-30% of the bed length. About 302 hours into the run such readings Indi- 
cated that the reaction was substantially complete within about the first 30-35% of the bed length. This is further 
evidence that the catalyst deactivation rate was low under these conditions. At the end of the run (358 hours), 
a series of samples was taken at different bed depths. Analyses of these samples showed that the reaction 
was complete within about the first 25-35% of the bed. Thus, a large amount of excess catalyst activity still 

10 remained when the run was ended at 35% hours, further confirming that acceptable catalyst cycle lengths can 
be achieved in the process of this invention. The absence of measurable dianges in composition or temperature 
beyond about the first 35% of the catalyst bed in this run Is in agreement with the results calculated in Example 
1 for operation with a large excess of catalyst activity under the conditions of the process of this invention. 

fs Example 3 

The catalyst for this example was the same as In Example 2. The feedstock was a mbcture of fresh and 
recycle paraffin containing about g2.1%cg-14 nomiai paraffins, 5.4% aromatics, and 2,5% other hydrocarbons. 
The C9-14 nonnal paraffin fraction consisted of about 0.1% C9, 0.7% CIO, 1.9% C11. 14.1% C12, 53.2% C13 

20 and 30.0% C14. A reactor similar to that used in Example 2 was charged with fresh catalyst to a bed depth of 
about 121.9 cm. and operated over a period of 668 hours atthe following conditions: bed inlet temperature begi- 
nning at 437.7*C and Increased in steps of 2.7"C to 451 .6*C over the course of the run. bed inlet pressure 1 .6 
ATM, H2:HC ratio 1.8. and WHSV 4.44. Product samples were analyzed by GC at regular intervals. For the 
entire run. average delta MO was 6.80% and average delta AR was 0.34%. At the end of the run. delta MO 

25 was 6.23% and delta AR was 0^4%. This example further Qlustrates the feasibility of operating for an extended 
period with an H2:HC ratio below 1.9. 

Example 4 

30 The catalyst for this example was the same as in Example 2 except that it had been regenerated twice and 
therefore had somewhat lower initial activity. An extended run was carried out In which operations were alter- 
nated between a light feedstock like that in Example 2 and a heavy feedstock like that in Example 3. Conditions 
for the light feedstock were the same as in Example 2. Conditions for the heavy feedstock were the same as 
In Example 3 except that the bed Inlet temperature was maintained at 437.7''C or slightly lower. For the light 

35 feed operations, delta MO averaged about 7.0%, and for heavy feed operations it averaged about 6.4%. Such 
operations were continued for 2000 hours without regeneration of the catalyst At the end of the period, excess 
catalyst activity was still present. 

Example 5 

40 

A reactor charged with excess platinum on alumina catalyst was operated with a detergent range normal 
paraffin feedstock which had been converted in an eariter dehydrogenatlon stage to 5.0% MO content. Condi- 
tions used were as follows: bed Inlet temperature 436.rC. bed Inlet pressure 1.57 ATM, H2:HC ratio 2.6, bed 
depth 96.5 cm, and WHSV 4.44. The Inlet temperature used resulted In a peak MO content of 8.9% which was 
45 reached about halfway through the bed. By the end of the bed, MO content had dropped to 8.4%. Aromatics 
content was Increased by at>out 2.8% across the entire bed. with an approximately linear rise from the feed 
end to the discharge end. This result is very similar to that seen in Example 1 for operation at H2:HC ratio 4.0. 
This illustrates further both the accuracy of the kinetic model used in Example 1 and the severe overreaction 
problems experienced when a large excess of catalyst activify is used under prior art conditions. 

so 

Example 6 

The catalyst for this example was the same as In Example 2 except that It had been regenerated seven 
times and therefbre had considerably lower Initial activity. The feedstock and conditions were essentially the 
55 same as in Example 2 except that the H2:HC ratio was 0.5 and the bed Inlet temperature was set initially at 
423.8''C and Increased during the run to 429*'C. Operation was continued for 72 hours at these conditions, and 
product samples were analyzed by GC. Average delta MO was 6.68%. 
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Claims 

1. In a process for dehydrogenation of detergent range nomr^a) paraffins contained in a hydrocartion mixture 
to produce monoolefins wherein the paraffins are contacted with a piatinum dehydrogenation catalyst 

5 under dehydrogenation conditions In one or more reaction stages, the improvement which comprises. In 

at least one reaction stage, contacting the paraffins with the catalyst in the presence of added hydrogen, 
the molar ratio of said hydrogen to total detergent range hydrocarbons in said mixture being In the range 
of from about .5 to about 1.9, said ratio being the average ratio maintained during the catalyst operating 
cyde, said contacting occurring in a substantially adiabatic, plug flow reactor at a suitable catalyst bed 

10 Inlet temperature not greater than about 450^C. 

2. The process of Claim 1 wherein the catalyst is supported on a porous support 

3. The process of Claim 2 wherein the hydrogen to hydrocarbon ratio is in the range of from about .8 to about 
15 1.8. 

4. The process of Claim 2 wherein ttie detergent range normal paraffins have a carbon chain length of from 
about 10 to about 14 carbon atoms. 

20 5. The process of Claim 2 wherein the process comprises a plurality of stages and the hydrogen to hydrocar- 
bon ratio in each stage is independentiy selected from the range of from about .5 to about 1.9. 

6. The process of Claim 2 wherein the nomial paraffins are a mixture of fresh and recycled nomnal paraffins. 

25 7. The process of Claim 2 wherein the inlet temperature is not greater that about 440''C. 

8. The process of Claim 5 wherein ttie pressure in the final reactton stage is in tiie range of from about 1 to 
about 1.68 atmospheres. 

30 9. The process of Claim 5 wherein the total number of stages is tao. 

1 0. The process of Claim 5 wherein the conversion of normal paraffin to monoolefin across all stages combined 
Is In the range of from about 5% to about 15%, by weight 

35 11. A process for tiie catalytic dehydrogenation of detergent range normal paraffins contained in a hydrocar- 
bon mature to produce monoolefins, comprising subjecting said mbcture to dehydrogenation conditions 
in the presence of a supported platinum catalyst In one or more reaction stages, wherein, in at least one 
reaction stage, said normal paraffins mixed with added hydrogen are contacted with a catalyst having an 
initial bed activity excess of up to about 1000%, in a substantially adiabatic. plug flow reactor at a suitable 

40 catalyst bed Inlet temperature not greater than about 4'C., and wherein the molar ratio of said added hyd- 

rogen to the amount of hydrocarbons, averaged over a catalyst operating cyde Is in the range of from 
about .5 to about 1.9. 

12. The process of Claim 11 wherein tiie catalyst is In a single stage, continuous, fixed bed reactor. 

45 

13. The process of Claim 11 perfbmned in a plurality of stages. 

14. The process of Claim 13 wherein the process is performed in two stages. 

so 15. The process of Claim 1 1 wherein the hydrogen to hydrocarbon ratio Is in the range of from about .8 to 
about 1.8. 

16. The process of Claim 14 wherein the paraffin feed to the first stage is at least partially recyded paraffin 
recovered from the product of tiie second stage. 

55 

17. The process of Claim 11 wherein the WHSV is in tiie range of from about 1 to about 20. 

18. The process of Claim 11 wherein ttie nomnal paraffin has a carbon chain lengtti of from about 1 to about 
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14. 

1 9. The process of Claim 1 1 wherein the Inlet temperature In said at least one stage is not greater than about 
440«C. 

20. The process of Claim 1 1 wherein the catalyst support Is porous alumina. 

21. The process of Qaim 20 wherein the catalyst comprises copper, platinum and alkali metal. 

22. The process of Qaim 21 wherein the alkali metal is potassium. 

23. The process of Claim 1 1 wherein the excess initial catalyst t>ed activity is in the range of from atx)ut 50% 
to about 500%. 

24. The process of Qaim 1 1 wherein the excess \n\txa\ catalyst bed activity is in the range of from about 100% 
to about 300%. 

25. A process for the catalytic dehydrogenation of detergent range normal paraffins contained in a hydrocar- 
bon mixture to produce monoolefins under dehydrogenation conditions in the presence of a catalyst com- 
prising an alumina support impregnated with a mixture comprising platinum, copper and an alkali metal, 
In one or more reaction stages, in a substantially adiabatks, plug flow reactor, comprising contacting a mbct- 
ure of said paraffins and hydrogen with an initial excess of said catalyst, in at least one reaction stage, at 
a catalyst bed inlet temperature not exceeding 440°C., and a WHSV of from about 1 to about 20. said para- 
ffins having from about 10 to about 14 carbon atoms, the average molar ratio of added hydrogen to hyd- 
rocarbons in tiie mixture over tiie catalyst operating cyde being In the range of from about .8 to about 1 .8. 
said catalyst excess being In the range of from about 100% to about 300%. 

26. The process of aalm 25 wherein the alkali metal is potassium. 

27. The process of Claim 25 wherein the pressure in tiie final reaction stage Is in the range of from about 1 
to about 1.88 atmospheres. 

28. The process of Claim 25 wherein the process Is operated In two stages. 

29. The process of Claim 28 wherein tiie inlet temperature of the initial stage is in tiie range of from about 
340»C. to about 430X. 
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